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Abstract. The Very Local Interstellar Medium (VLISM)
contains clouds which consist of partially-ionized plasma.
Thesecloudscanbeeffectivelydiagnosedviahighresolution
optical and ultraviolet spectroscopy of the absorption lines
they form in the spectra of nearby stars. Information
provided by these spectroscopic measurements includes
values for ξ, the root-mean-square velocity ﬂuctuation due to
turbulence in these clouds, and T, the ion temperature, which
may be partially determined by dissipation of turbulence. We
consider whether this turbulence resembles the extensively
studied and well-diagnosed turbulence in the solar wind and
solar corona. Published observations are used to determine if
the velocity ﬂuctuations are primarily transverse to a large-
scale magnetic ﬁeld, whether the temperature perpendicular
to the large scale ﬁeld is larger than that parallel to the
ﬁeld, and whether ions with larger Larmor radii have higher
temperatures than smaller gyroradius ions. We ask if
the spectroscopically-deduced parameters such as ξ and T
depend on the direction on the sky. We also consider
the degree to which a single temperature T and turbulence
parameter ξ account for the spectral line widths of ions
with a wide range of masses. A preliminary examination
of the published data shows no evidence for anisotropy
of the velocity ﬂuctuations or temperature, nor Larmor
radius-dependent heating. These results indicate differences
between solar wind and Local Cloud turbulence. Possible
physical reasons for these differences are discussed.
Correspondence to: S. R. Spangler
(steven-spangler@uiowa.edu)
1 Introduction
It is arguably the case that the best experimental data for
studying magnetohydrodynamic (MHD) turbulence come
fromspacecraftmeasurementsofturbulentﬂuctuationsinthe
solar wind. The obvious advantage of solar wind turbulence
is that basic plasma physics measurements of vector
magnetic ﬁeld, plasma ﬂow velocity, density, temperatures,
and even electron and ion distribution functions can be
measured in situ with spacecraft. The ﬂuctuations in all
of these quantities have been extensively studied, a large
literature written, and major conclusions reached. Among
the many reviews of the subject is the monograph by Tu
and Marsch (1995) and the review article by Goldstein et al.
(1995).
Another nearby plasma with extensive diagnostics (al-
though not, as yet, in situ measurements) is the solar corona.
Our knowledge of the corona and its turbulence results from
high spatial resolution images, ultraviolet spectroscopy of
numerous transitions, and radio propagation measurements.
In addition, a sort of “ground truth” for coronal plasma
measurements is provided by spacecraft measurements at
heliocentric distances of 0.28 to 1 astronomical units (AU),
as well as other measurements at much greater heliocentric
distances. The coronal plasma is convected out into space
and becomes the solar wind. Among the many reviews of
the coronal plasma, two which are particularly relevant to
the present investigation are Cranmer (2002) and Bird and
Edenhofer (1990).
Measurements and observations of solar wind and coronal
turbulence provide the best data for testing our ideas on the
nature of MHD turbulence, and guide our thinking about
turbulence in other astrophysical plasmas. In fact, one
could contend that astronomers and astrophysicists, when
considering astronomical processes which may be due to
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turbulence (e.g. support of molecular clouds against their
own gravity, moderation of heat conduction in clusters of
galaxies, or instabilities in accretion disks) should begin with
the assumption that the turbulence of interest resembles the
well-observed turbulence in the solar wind.
In this paper, we discuss the degree to which the
turbulence in one well-diagnosed plasma, the partially
ionized media which constitute the Local Clouds in the Very
Local Interstellar Medium (VLISM), have properties similar
to those of turbulence in the solar wind and solar corona.
2 Main characteristics of solar wind turbulence
A list of the principal results on solar wind turbulence
could be long, idiosyncratic of the individual making the
compilation, or both. Four characteristics which we consider
important and relevant to the present investigation are as
follows.
1. The ﬂuctuations in magnetic ﬁeld and plasma ﬂow
velocity are primarily perpendicular to the large scale
magnetic ﬁeld. This property also emerges from
theories of MHD turbulence, speciﬁcally quasi-2D
turbulence (Strauss, 1976; Zank and Matthaeus, 1992;
Spangler, 1999). Observational evidence for this
property comes from Bavassano et al. (1982) and Klein
et al. (1993). A summary and reference to other papers
is given in Tu and Marsch (1995). The clearest evidence
for these anisotropic, transverse ﬂuctuations appears
in the high-speed solar wind (Bavassano et al., 1982;
Klein et al., 1993). Under such circumstances, the
“minimum variance direction” is very closely aligned
with the large scale magnetic ﬁeld, and the magnetic
ﬁeld variance in a direction perpendicular to the ﬁeld is
several times larger than the variance of the component
in the direction of the large scale ﬁeld. See Fig. 2
of Bavassano et al. (1982) for an illustration of these
results.
These characteristics are not universal in the solar wind.
As discussed by Klein et al. (1993) and Tu and Marsch
(1995), the ﬂuctuations are more isotropic in the slow
speed solar wind, and anisotropy and ﬁeld alignment
deteriorate with increasing heliocentric distance. A
discussion of the possible physical mechanisms for this
evolution is given by Klein et al. (1993).
2. The irregularities (ﬂuctuations in any plasma quantity)
are stretched out along the large scale ﬁeld. This
was shown to be the case by Strauss (1976) for
the case of Tokamaks, and is now appreciated to
be a general property of MHD turbulence, at least
when the amplitude of the turbulence is modest.
Among the best observational illustrations of this
effect in an astrophysical plasma are radio propagation
measurements of the solar corona, which show density
ﬂuctuations (presumably passive tracers of the turbulent
velocity ﬂuctuations) drawn out along the coronal
magnetic ﬁeld with an axial ratio than can exceed 10
(Armstrong et al., 1990; Coles et al., 2003).
3. The interaction of turbulence with ions leads to perpen-
dicular (to the large scale magnetic ﬁeld) temperatures
which are higher than parallel temperatures, or at
least larger than would be expected without effective
perpendicular heating (Cranmer, 2002; Kasper et al.,
2009).
4. Interactionofturbulencewithionsleadstotemperatures
which depend on the ion species; ions with larger
Larmor radii have higher temperatures (Cranmer,
2002). This is an observational signature of cyclotron
resonance heating (Hollweg, 2008), and is more
pronounced in the corona than the solar wind, although
it can be found in both media.
It is also appropriate in this section to comment brieﬂy
on the origin of coronal and solar wind turbulence. The
ultimate energy source for coronal turbulence must be
kinetic energy associated with convection in the photosphere.
Cranmer and van Ballegooijen (2005) make a compelling
case that coronal turbulence arises from the shaking of
photospheric magnetic ﬂux tubes which are swept into
boundaries between solar granules. In the granular and
supergranularboundaries, theﬂuxtubesareconcentratedand
shaken by the ﬂows associated with convection. Transverse
perturbations propagate up the ﬂux tubes, and evolve into
a ﬁeld of Alfv´ en waves and more generalized Alfv´ enic
turbulence which ﬁlls much of the corona (Cranmer and van
Ballegooijen, 2005). Cranmer and van Ballegooijen (2005)
discuss how this turbulence can evolve into a state in which
ﬂuctuations propagate in both directions along the coronal
ﬁeld. It remains possible that the mechanism of Cranmer
and van Ballegooijen (2005) is restricted to regions of open
magnetic ﬁeld, with another mechanism operative in the
coronal loops and closed ﬁeld regions.
We next consider the mechanisms responsible for genera-
tion of turbulence in the solar wind at heliocentric distances
of ∼ 1AU. It is in this part of space that we have the
largest amount of high quality data on MHD turbulence.
Despite the very high quality of the measurements of plasma
ﬂuctuations, it has taken a long time to understand how
much of the turbulence arises locally in the solar wind, and
how much is vestigial turbulence convected out from the
corona into the solar wind. Observations clearly indicate
that this turbulence evolves in the sense that there is a
cascade in wavenumber from large scales to small scales,
and dissipation at plasma microscales of the order of the ion
inertial length and shorter (Howes et al., 2008). However,
what has not been so clear is whether turbulent energy
input at an outer scale is occurring beyond the corona.
Persuasive evidence that this is the case was presented
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by Zank et al. (1996) and more recently in work of a similar
nature by Breech et al. (2008). These authors compare
the solutions to a simpliﬁed MHD model of the solar
wind with spacecraft measurements of turbulent intensity,
cross helicity, correlation length, and plasma temperature
as a function of heliocentric distance. They conclude
that turbulent energy input on the outer scale does occur
due to shear between high speed and low speed solar
wind. Turbulence generation due to unstable pickup ion
distributions also plays a role at large heliocentric distances.
For the purposes of the present paper, which seeks to
explore the similarities and differences between heliospheric
turbulence and that in the VLISM, we may conﬁdently
conclude the solar wind turbulence partially consists of
turbulent excitations which originate in the corona, and
partially excitation generated by velocity shear in the solar
wind. Furthermore, solar wind turbulence shows clear
evidence of a cascade of turbulent energy through an inertial
subrange, terminating in dissipation at small scales.
3 Well-diagnosed plasmas beyond the solar system
Much of astronomy and astrophysics consists of the study
of plasma media beyond the solar system. In all cases
the quality of the information on the plasma state in an
astrophysical medium is inferior to that available for the
solar wind at the orbit of the Earth. However, in some
cases, the quality of astronomical observations is sufﬁcient
to provide diagnostics of the plasma which would be
acceptable by plasma physics laboratory standards. Two
mediawhichareparticularlynoteworthyinthisregardarethe
Diffuse Ionized Gas (DIG) phase of the interstellar medium,
which is believed to ﬁll the largest portion of the volume
of the interstellar medium, and the Local Clouds in the
interstellar medium, which comprise the closest samples of
the interstellar medium.
3.1 The Diffuse Ionized Gas (DIG)
Approximately 25% of the interstellar medium is ﬁlled with
a gas possessing a density of about 0.1cm−3, a temperature
of '8000K, and a magnetic ﬁeld of 3–4µG. This phase of
the interstellar medium is referred to as the Diffuse Ionized
Gas, or DIG. There are a number of diagnostics which show
the existence of this medium, and provide numbers for its
plasma properties. The most important of these diagnostics
has been extremely high spectral resolution Fabry-Perot
interferometry of the Hα glow from the plasma, done by
dedicated instruments at the University of Wisconsin (for
a description of the most recent version of the instrument,
as well as references to previous literature and results, see
Haffner et al., 2003). Radio propagation measurements
such as pulsar dispersion measures and Faraday rotation
measures of extragalactic radio sources and pulsars also
Table 1. Mean plasma parameters in Diffuse Ionized Gas (DIG)
phase of the Interstellar Medium.
Plasma Parameter Value
electron density 0.08cm−3
hydrogen ionization fraction ≥0.90
ion temperature 8000K (typical)
magnetic ﬁeld 3–4µG
Table 2. Mean plasma parameters of Local Interstellar Clouds.
Plasma Parameter Value
electron density 0.11cm−3
neutral density 0.1cm−3
temperature 4000–8000K (typical)
magnetic ﬁeld 3–4µG (assumed)
provide information. A somewhat old but still valuable
review of our knowledge of the DIG is given by Cox and
Reynolds (1987).
From high resolution optical spectroscopic and radio
propagation measurements, we have been able to determine
an impressive number of plasma parameters in the DIG.
These include the electron density, the ionization fractions
of hydrogen and helium, the electron temperature, the ion
temperature, the strength of the magnetic ﬁeld as well as
some information on its spatial ﬂuctuations, and insight into
the heating mechanisms which are operative.
The properties of the plasma in the DIG phase of the
interstellar medium are listed in Table 1.
3.2 Local Clouds in the Very Local Interstellar Medium
(VLISM)
Another example of a well-diagnosed plasma medium
beyond the solar system is that of the small clouds in the
vicinity of the Sun. These clouds are embedded within the
Local Cavity of the interstellar medium, and lie within a
few parsecs of the Sun. The Local Cavity is a region of
low gas density that extends for approximately 100parsecs
from the Sun. “Tomographic” representations of this
cavity, determined with similar observational techniques and
undertaken by the same group, are presented in Lallement et
al. (2003) and Welsh et al. (2010).
The presence of clouds in the Local Cavity is indicated
by non-stellar absorption lines in the spectra of nearby stars.
Reviews of the properties of these clouds are given by Frisch
(2000) and Redﬁeld (2009).
The typical plasma properties of these clouds are given in
Table 2.
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Redﬁeld and Linsky (2008a) have discovered 15 distinct
clouds within 15parsecs of the Sun. Comparison of
Tables 1 and 2 indicates that, at a local level, the DIG and
Local Clouds are somewhat similar. A possibly signiﬁcant
difference is in the degree of ionization. In the DIG, the
hydrogen is probably completely ionized, and neutral atoms
are restricted to partially ionized helium. In the Local
Clouds, the hydrogen is only about 50% ionized. As a
result, ion-neutral collisional processes will be much more
important in the Local Clouds. For the remainder of this
paper, we will be concerned with plasma processes in the
Local Clouds. We will be particularly interested in properties
of turbulence in the Local Clouds, and the degree to which
this turbulence resembles, or differs from, that in the solar
wind and solar corona.
4 Turbulence diagnostics from high resolution
spectroscopy
It is at ﬁrst remarkable that any information on turbulence
in the Local Clouds can be obtained from measurements of
absorption lines in the spectra of background stars. The way
in which this can be done is as follows. Figure 1 illustrates
the type of data used this kind of analysis, so as to clarify the
discussion that immediately follows.
Redﬁeld and Linsky (2004) report measurements of
absorption lines for as many as 8transitions of neutral atoms
and ions. The different atoms or ions have different values of
the atomic mass m.
With these measurements, they ﬁt a model for the line
width as a function of atomic mass m of the following form.
b2 =
2kBT
m
+ξ2 (1)
where b is the measured line width of a transition and
absorption component, T is the ionic or atomic temperature,
ξ is the nonthermal broadening parameter, and kB is
Boltzmann’s constant. Equation (1) states that the measured
line width is a quadratic sum of two Doppler shifts, the ﬁrst
due to thermal motion of the atoms or ions, and the second
due to atomic and ionic motions not attributable to thermal
effects, and which are interpreted as turbulent motions in
which all species take part. Redﬁeld and Linsky (2004) show
a comparison of the model ﬁt to the data for many absorption
components and lines of sight in Fig. 1 of their paper. The
quality of the ﬁts is impressively good.
Toanticipateoneofthemainpointsofthispaper, acoronal
astronomer or solar wind physicist would immediately take
issue with Eq. (1), noting point (4) above that in solar system
media, different atoms and ions have different temperatures.
In Sect. 5.3 we will discuss the degree to which a single,
common temperature characterizes the Local Clouds.
Fig. 1. An example of the data used by Redﬁeld and Linsky (2004)
to deduce properties of turbulence in the Local Clouds. The ﬁgure
shows a portion of the spectrum of the star HD29419, around the h
and k lines of MgII. The spectral ﬂux is plotted versus wavelength,
with wavelength converted to a Doppler shift relative to the Sun.
The upper panel shows the spectrum in the vicinity of the MgII k
line, and the bottom panel shows the MgII h line. The thin solid line
shows the estimate of the stellar photospheric continuum. The two
absorption lines result from absorption in two clouds of the VLISM,
the LIC cloud (absorption component at +25kms−1), and the
Hyades Cloud (component at +12kms−1). For each component,
it is possible to ﬁt for the line centroid, the line width b, and the
strength of the line, which is related to the column density of MgII.
Figure taken from Redﬁeld and Linsky (2001).
5 Does turbulence in the Local Clouds resemble that
in the solar wind?
From the data in Table 1 of Redﬁeld and Linsky (2004), we
have measurements of T and ξ for 53 absorption components
along 32lines of sight to nearby stars distributed around the
sky. In this section, we consider what these measurements
can tell us about turbulence in the Local Clouds, and the
degree to which it resembles heliospheric turbulence.
5.1 A test for transverse velocity ﬂuctuations
We ﬁrst consider whether the turbulence in the Local Clouds
possesses transverse velocity ﬂuctuations, in which the ﬂuid
motion is perpendicular to the large scale magnetic ﬁeld. The
way in which this might reveal itself in the data of Redﬁeld
and Linsky (2004) is shown in Fig. 2.
We assume that one can deﬁne a large scale magnetic
ﬁeld which is constant in direction over spatial scales which
include all of the Local Clouds. This direction is deﬁned by
the unit vector ˆ b≡ B
B. The scale of magnetic ﬁeld uniformity
should be of the order 30parsecs. For some lines of sight,
we are looking along this large scale ﬁeld. In this case,
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A
B
Fig. 2. Cartoon illustrating model of the plasma in the Very
Local Interstellar Medium. We envision relatively dense, partially-
ionized clouds (indicated by the gray-shaded regions) embedded
in the lower density Local Cavity. The cavity and its clouds
possess a magnetic ﬁeld which is relatively uniform in magnitude
and direction (heavy lines) on a scale which includes all clouds
found to date. Turbulence in the clouds is magnetohydrodynamic
and Alfv´ enic in nature, with velocity and magnetic ﬂuctuations
primarily transverse to this large scale ﬁeld. Lines of sight along the
ﬁeld (to star A) should show relatively small turbulent broadening,
whereas lines of sight across the ﬁeld (to star B) show should large
values of turbulent broadening.
the turbulent motions will be primarily perpendicular to the
line of sight, and little turbulent line broadening should be
observed (ξ small). Other lines of sight will be perpendicular
to the large scale ﬁeld, and the turbulent velocity ﬂuctuations
will be along the line of sight. In this case, ξ will be large.
We now present a quantitative model for the dependence
of the turbulent line width ξ on direction on the sky.
The turbulence model we want to test is one in which
the ﬂuctuations in the plane perpendicular to ˆ b are larger
than those in the direction of ˆ b. A probability distribution
function which is simple in mathematical form and describes
this is
f (v)=
 
1
(2π)3/2VkV 2
⊥
!
exp
 
−
v2
z
2V 2
k
!
exp
 
−
v2
x+v2
y
2V 2
⊥
!
(2)
with V⊥ >Vk by assumption. The z axis in Eq. (2) is in the
direction of ˆ b. The distribution function Eq. (2) satisﬁes the
normalization requirement that
R
d3vf(v)=1.
The observed spectral line width is proportional to the rms
ﬂuctuation in the component of the velocity along the line
of sight, which is in the direction of the unit vector ˆ l. The
unit vector ˆ l points in the direction of galactic longitude and
latitude (l, b). In what follows, we assume that the observed
turbulent width ξ can be expressed as
ξ2 =<v2
L
 
vx,vy,vz

>=
Z
d3vv2
L
 
vx,vy,vz

f(v) (3)
By expressing ξ2 as an expectation value, we assume that the
line of sight integration through the cloud samples a large
number of independent eddies in the cloud and thus satisﬁes
the ergodic theorem.
It is necessary to express the line-of-sight component of
the velocity in terms of the magnetic-ﬁeld-oriented system
of coordinates, vL
 
vx,vy,vz

. This is done by a set of Euler
angle transformations which transform from the direction of
the large scale ﬁeld ˆ b to that of the line of sight ˆ l. The
details of this transformation are given in Spangler, Savage,
and Redﬁeld (2010). The result of this calculation is the
following expression for <v2
L
 
vx,vy,vz

>, or equivalently,
the observed turbulent line width ξ2.
<v2
L >
V 2
⊥
=1−(sinbsinβ+cos1lcosbcosβ)2 (4)
The angles which appear in Eq. (4) are as follows. The
galactic latitude and longitude in the direction of the line of
sight are, in conventional nomenclature, (l, b). The galactic
latitude and longitude in the direction of the local interstellar
magnetic ﬁeld (i.e. deﬁned by the unit vector ˆ b) are (λ, β).
The angles (l, b) should not be confused with the unit vectors
ˆ l and ˆ b, which deﬁne the direction of the line of sight and
local interstellar ﬁeld, respectively. Additional quantities are
1l ≡λ−l, andtheanisotropyparameter ≡1−
V 2
k
V 2
⊥
. Isotropy
of turbulence corresponds to  = 0, while  = 1 means the
velocity ﬂuctuations lie completely in a plane perpendicular
to ˆ b.
Equation (4) is convenient for describing how ξ depends
on position on the sky (provided (λ, β) were known; see
below), but a more instructive expression is in terms of the
angleAbetweenthelineofsightandthelargescalemagnetic
ﬁeld, cosA≡ ˆ l· ˆ b,
<v2
L >
V 2
⊥
=
ξ2
V 2
⊥
=1−cos2A (5)
The form of
ξ2
V 2
⊥
as function of A for various values of  is
shown in Fig. 3.
An analysis based on Eqs. (4) and (5) is complicated
by the fact that we do not deﬁnitely know the direction
of the large scale ﬁeld, ˆ b, although there are independent
estimates for this direction (Lallement et al., 2005; Gurnett
et al., 2006; Opher et al., 2009). For the present, we
can ask if there is any direction in the sky for which the
turbulent velocity broadening data adhere to the form of
Eq. (5). We are presently carrying out an analysis of the data
given in Redﬁeld and Linsky (2004) to answer this question.
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Fig. 3. Expected dependence of the square turbulent line width
(normalized by the turbulent velocity amplitude) ξ2
V 2
⊥
as a function
of direction on the sky. The abscissa is the angle A (in radians)
between the line of sight and the direction of the local interstellar
magneticﬁeld. Thethreecurvescorrespondtovaluesof =0(solid
line), 0.2 (dashed line), and 0.5 (dotted line).
However, a preliminary conclusion is provided by Fig. 9 of
Redﬁeld and Linsky (2004), which plots the derived values
ofξ onamapofthesky. Thisﬁgureshowsnoobviouswayin
which the ξ data could be organized as indicated by Eq. (5).
That is, there are no clear poles characterized by low values
of ξ, with a corresponding band across the sky with larger
values of ξ. Instead, there appear to be random variations of
ξ values about an isotropic mean value.
We therefore conclude that there is no strong evidence
for anisotropy of turbulent velocity ﬂuctuations in the Local
Clouds, as would occur if the turbulence is transverse in the
sense of solar wind turbulence.
5.2 A test for enhanced perpendicular ion heating
We can also examine whether the thermal temperature T
depends on direction on the sky, as would be expected if the
temperature perpendicular to the large scale magnetic ﬁeld
were larger than that parallel to the ﬁeld. Formulas similar
to those presented in Sect. 5.1 should hold in this case as
well; in both cases the quantity considered (< v2
L > or T)
corresponds to the second moment of a velocity distribution
function. Inthecaseoftheturbulentvelocityﬂuctuations, the
expression Eq. (2) was adopted as a model. In the case of the
temperature, a Maxwellian should be an exact expression.
We then ask if the ion temperature measurements show
a dependence on direction on the sky similar to Eq. (5).
A preliminary and qualitative answer is provided by the
results in Redﬁeld and Linsky (2004). Figure 8 of Redﬁeld
and Linsky (2004) shows the retrieved ion temperature T
as a function of position on the sky for the 53 absorption
Fig. 4. Spectral line width b versus atomic mass for the absorption
line in Capella. Transitions from eight atoms or ions are included in
this ﬁgure. The solid line indicates a ﬁt of Eq. (1) with T =6700K
and ξ = 1.68kms−1, and the shading gives the ±1σ conﬁdence
range, given the errors in T and ξ. Taken from Redﬁeld and Linsky
(2004).
components. The values also appear to show random
ﬂuctuations about an isotropic mean value. The agent
responsible for these variations from one line of sight to
another is unknown, but the variations do not seem to be of
the form in Eq. (5). We conclude that there is no evidence
for departure of the ratio T⊥
Tk from unity in these clouds.
5.3 A test for mass-proportional ion heating
The ﬁnal issue we wish to consider is whether the plasma
medium of the Local Clouds shows a dependence of ion
temperatureonionmass, asisstronglythecaseinthecorona,
and to a lesser but signiﬁcant degree in the solar wind.
As noted in Sect. 2, this is an indicator of ion cyclotron
resonance effects in the interaction between turbulence and
the particles which make up the plasma.
The results of Redﬁeld and Linsky (2004) are consistent
with a single temperature for all species, and show no
evidence for the presence of ion cyclotron resonance heating.
The basis of this statement is the good agreement of the
line width data for as many as 8transitions with the formula
in Eq. (1). An illustration of this result is given in Fig. 4,
which shows the line width measurements (b) as a function
of atomic mass for the absorption feature in the spectrum of
Capella. A ﬁt of Eq. (1) to the data with an ion temperature
T = 6700±1300K and ξ = 1.68±0.32kms−1 is clearly
a completely satisfactory representation of the data. The
expression in Eq. (1) features a single temperature for all
species. The ﬁts of Eq. (1) to the spectral line width data
are satisfactory in the sense of the value of the reduced χ2
statistic of the ﬁt to the data.
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In this case, there is no basis or justiﬁcation for
considering a more complex model for the ion temperature,
and thus line width, as a function of ion mass. If sufﬁciently
strong, ion-speciﬁc heating were occurring, it would be
impossible to obtain a statistically satisfactory ﬁt of Eq. (1)
to the data. The interested reader should examine the many
such ﬁts in Fig. 1 of Redﬁeld and Linsky (2004), which are
similar in content to Fig. 4. It is striking how well Eq. (1) ﬁts
the data.
We are presently in the process of testing the degree to
which a departure from Eq. (1) is allowed by the data. As a
simple model which incorporates ion-mass-speciﬁc heating,
we are using the expression
b2 =
2kBT0
m

m
m0
d
+ξ2 (6)
where m0 is the mass of a reference atom or ion. This
model has three parameters (T0, ξ, and d) instead of the two
parameters of Eq. (1). The parameter which describes ion-
mass-proportional heating is d; it describes the way the ion
temperature could depend directly on the ion Larmor radius,
and thus the ion mass. The approach used in our analysis
is to undertake a set of ﬁts of Eq. (6) to the data presented
in Redﬁeld and Linsky (2004), and determine the maximum
value of d which allows an acceptable value of the reduced
chi-square χ2
ν. This work is in progress.
As a ﬁnal point, there is a result emergent from the
data and analysis of Redﬁeld and Linsky (2004) which is
strange to a plasma physicist. The consistency of the same
temperature T for several transitions is not only the case
for ions of different masses (and thus Larmor radii), but
also for both ions and neutrals. The lines used by Redﬁeld
and Linsky (2004) include those from neutral atoms as well
as ions. This indicates that plasma physics processes such
as wave-particle interactions, which consist of the response
of charged particles to the electric and magnetic ﬁelds of
plasma waves and turbulence, and which can act only on
ions and electrons, are unimportant in the Local Clouds.
Alternatively, these processes could be present, but are
hidden by other, competing processes such as ion-neutral
collisions, which rapidly redistribute energy injected in one
ion species to both ion and neutral species.
6 Discussion
Given the assumptions and models assumed in our analysis,
we conclude that the turbulence in the partially-ionized
plasma of the Local Clouds differs in important respects
from that in the solar corona and solar wind. The discussion
above would indicate that this turbulence is not anisotropic
with respect to the large scale interstellar magnetic ﬁeld, but
instead is isotropic, does not show a temperature anisotropy
in which T⊥ > Tk, which is an indication of ion-cyclotron
resonance in the interaction of turbulence with charged
particles, and does not show a dependence of temperature
on ion mass, which is also a characteristic of ion cyclotron
resonance effects. Taken at face value, these results point
toward diversity in the properties of interstellar turbulence,
and suggest that turbulence properties that are sometimes
assumed universal because of their prominence in the solar
wind might be special cases.
However, in the remainder of this paper, we wish to
discuss some qualiﬁcations and reservations to the previous
statements. It is possible that the properties of solar wind
turbulence discussed in Sect. 2 are indeed present in the
Local Clouds at a local level, but are disguised in the path-
integrated measurements of Redﬁeld and Linsky (2004).
The search for anisotropy of the turbulence, and for a
high perpendicular-to-parallel temperature ratio, were both
predicated on an ordered, unidirectional magnetic ﬁeld over
the spatial volume occupied by the clouds, as illustrated in
Fig. 2. This assumption does not exclude the possibility
that the interstellar magnetic ﬁeld is turbulent. The local
ﬁeld includes both a true, galactic-scale component as well
as a turbulent component. However, we assume that the
vector sum of these two components remains approximately
unidirectional on a scale larger than the distribution of
clouds. If this assumption is strongly violated, so that
the ﬁeld is randomized on a length scale much smaller
than the diameter of the system of clouds (approximately
30parsecs), the observational results described in Sects. 5.1
and 5.2 would be obtained even if the local turbulent motions
are transverse to the local magnetic ﬁeld, and if locally
T⊥ >Tk.
The resolution of this question depends on the value of the
outer scale of turbulence in the VLISM. If the outer scale is
smaller than about 30parsecs, the ﬁeld would have different
directions in the different clouds. There are estimates of
the outer scale in the interstellar medium, but this quantity
is not known with high conﬁdence. Minter and Spangler
(1996) reported evidence for two outer scales in the DIG,
an outer scale to a fully three dimensional turbulence with
a value of about 4parsecs, and a larger scale of about
100parsecs for larger, but 2-D eddies. Since most of the
power in the magnetic ﬁeld ﬂuctuations is on the larger,
∼ 100parsec scales, the Minter and Spangler (1996) result
would qualitatively support the magnetic ﬁeld model we
have adopted here. However, a quantitative modeling of the
effect of averaging over the random orientations permitted by
Minter and Spangler (1996) should be done to fully address
this point.
The scales of turbulent ﬂuctuations in the interstellar
magnetic ﬁeld have been investigated more recently by
Marijke Haverkorn and colleagues, again using the technique
of Faraday rotation (Haverkorn et al., 2004b,a, 2006).
Haverkorn and her group have utilized both measurements of
polarization of the galactic nonthermal radiation (Haverkorn
et al., 2004b,a) as well as Faraday rotation of extragalactic
sources (Haverkorn et al., 2006). Haverkorn et al. (2006)
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report a difference in the power spectrum of magnetic
ﬂuctuations between spiral arms and interarm regions of the
Milky Way.
Their estimates of the outer scale in the spiral arms
(presumably relevant to the Very Local Interstellar Medium)
range from 2–17parsecs; Haverkorn et al. do not distinguish
between fully three dimensional turbulence and composite
turbulence consisting of fully three dimensional eddies on
small to intermediate scales, and two dimensional, planar
turbulence on large scales, terminating in a global outer
scale. If the global outer scale in interstellar turbulence is as
small as the 2–17parsec range suggested by Haverkorn and
colleagues, it seems probable that the interstellar magnetic
ﬁeld would be sufﬁciently randomized across the Local
Clouds to invalidate our assumption of constant magnetic
ﬁeld direction ˆ b. This would eliminate the dependence of
the turbulent width ξ on position on the sky given by Eq. (4),
even if locally the turbulence is transverse to the magnetic
ﬁeld. The same conclusion would apply to the dependence
of the ion temperature T on sky position.
An obvious point, which is nonetheless worth recalling, is
that the results of Minter and Spangler (1996); Haverkorn
et al. (2004b,a) and Haverkorn et al. (2006) are averages
over large volumes of the interstellar medium. There is no
guarantee that those turbulence characteristics apply to the
Local Clouds or the VLISM.
Small scale (outer scale ≤ 15parsecs) randomization
of the local interstellar magnetic ﬁeld would explain the
absence of the coronal/solar wind properties discussed
in Sects. 5.1 and 5.2 above. However, it would not
eliminate the observational evidence for ion-mass-dependent
temperatures, if such were present locally. While this
question will be addressed more fully in our work in
progress, it seems highly plausible that this result is due to
the greater collisionality of the Local Clouds relative to the
solar wind, and even more, the corona. As noted above,
the hydrogen in the Local Clouds is apparently about 50%
neutral, meaning ion-neutral collisions between protons and
hydrogen atoms may be an important process in distributing
energy among species, and eliminating phase space features
such as temperature anisotropies. Nonetheless, we consider
this result interesting, because the cyclotron periods for all
ionsofinterestaremuchshorterthantheion-neutralcollision
timescale in the Local Clouds, so the results of Sect. 5.3 seem
to exclude the possible presence of highly vigorous plasma
kinetic processes operating on ion Larmor radius scales.
This area of investigation will beneﬁt from additional
research, made possible by additional, similar quality
data on more lines of sight. One of us (SR) has a
programinprogresswith therepairedSTIS(SpaceTelescope
Imaging Spectrograph) spectrograph on the Hubble Space
Telescope. These observations will provide FeII and MgII
line width measurements (crucial for separating the thermal
and turbulent contributions to the line widths) on lines of
sight presently lacking such data. The new data should
expand the number of lines of sight probed through the
Local Clouds, and facilitate progress on understanding the
turbulence in these clouds.
7 Conclusions
1. Multi-transition measurements of absorption line
widths due to the Local Clouds provide information
about the properties of turbulence in those clouds,
and permit inferences about the similarities of this
turbulence to that in the solar wind.
2. We assume that the very local interstellar magnetic
ﬁeld is uniform in direction over a scale large enough
to include the 15clouds discovered by Redﬁeld and
Linsky (2008a). If this is the case, an anisotropy in the
velocityﬂuctuations, inthesenseofbeingperpendicular
to this magnetic ﬁeld, should map into dependence of
the turbulent line width on position on the sky.
3. In similar fashion, if there is an anisotropy in the ion
temperature, such that the perpendicular temperature
exceeds the parallel temperature, the inferred thermal
broadening of these absorption lines should depend on
sky position.
4. Neither of the aforementioned two properties seem to
emerge from an examination of published data.
5. The data for the Local Clouds have been examined for
a dependence of the ion temperature on ion mass, such
as is commonly seen in the solar corona and solar wind.
This property appears to be absent for the Local Clouds.
6. We conclude that the turbulence in the Local Clouds
may differ in important ways from that in the solar
corona and the solar wind. The existence of a relatively
small (less than or of the order of a few parsecs) outer
scale in the Local Cloud turbulence could essentially
“disguise” solar wind turbulence properties in the data
set we have used. If the outer scale is comparable to or
larger than several tens of parsecs, there appears to be
a genuine difference in the degree of anisotropy. The
absence of a mass dependence to the ion temperature
may be due to the higher collisionality of the Local
Clouds relative to heliospheric plasmas.
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